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SUMMARY

This report covers work on tho structurec of glass, on thormomagnotic
analysis, and on supported palladium catalysts, together with a note on
purple asulfur.

It has been found that the anomalous megnetic moment of ions of nickel,
cobalt, and uranlum in silicate glasses, as previously reported, may probably
be interpreted in terms of the relative sontributions of these ions as being
tetrahedrally coordinated integral paris of the net-work, or as octahedrally
coordinated net:-work modifiers. This cbservation appears to open a useful --
fi1eld of application of magnetic methods in glass chemistry.

Thermomagnetic analysis of the solid state reaction {uFeQO to ({-Fey0
has given definite evidence that the activetion energy for this ;eaction is
not related to particle size. Other variables are bsing inveatigated.

3

Supported palladium metal on high-area alumina has been shown to yield
no enhancement of magnetic susceptibility and thus not to show the dispersion
effect exhibited by many peramsgmetic oxides in supported conditiom,

"Purple" sulfur, mede by the method of Rice and Sparrow, by freezing the
vapor from 450° C onto a finger cooled in liquid nitrogen, has been shown to
be paramagnetic.

R |
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Part I. The Magnetic Anisotropy of Nickal-Contelving lass
by Elizabeth Weir Toor

Previous measursments made inm Yhiz laboratory of the magnetlc suscepti-
bilities of a geries of ricksl-comtaining glasses have shown that nickel has
an unusually high magnetic moment in such glasses. This could be explained
by either of two posalbhilities, that tha nickel is in ths plus three oxidation
state, or that the orhikal component of the moment is not quenched to the
same extent in the glasa ag in most nickel salts because of some difference in
the slectrical fields surrounding the nickel lon. Possibly the fields are
nere symwabric in the glagses. If this second altsrnative were actually the
case, it might be possible Lo detect paramagnetic anisotropy in the glasses
under certain conditions. Ir a field surrowding a nickel ion c¢ould be made
less symmetric, the susceptibility would vary with direction. Therefore pleces
of & nickel-containing glass were drawz out in a flame as rapidly as possible
and cooled yuickliy. The anisoirepiss of small sections of the resulting rods
were measured. The effact of anuealinrg on the anisotropy was also studied and
the susceptibility of one sample was mzasvred ab different £iasld strengbths to
determing whether or not it was ferromagnetic,

Procednre:

(8) Making Samplas for Anisctropy Measurements: -- The nickel-containing glass
used was one of & saviss suppiled by Dr. W. Weyl, of Penmnsylvania State College
and was dasignabsd ss M-H. [Hs suscapbibility and moment had been measured -
previously. This glass conbained 1%.0% nickel by weight and “he composition
corresponded to Nio Ne,0.4510,. A lump of this glass was held over an oxygen-
methane flame, and a8 wmuril puascons melisd they were drawn out into threads
very rapldly with a quartz rod. Sections of these threads, a few millimeters
long, were thewn broken off and ured in magnetic anisolropy measurements.

Similar samples wers made of a glass designated as M-2, which contained
magnesium instead of nickel, and h,a,d the cumposition MgO.NasQ. 45105, To make
these samples it was necessary to powder the glass and melt it in a platinum
crucible, then to draw ocubt threads with & quartz rod.

(v) Measurement of Magnebic Anisotyopy: -- The cylindrical glass-shaped rods

were atbached o a glass rod at the erd of a quartz suspension so that the long
dimension of the sample was perpeudicnlsr to the quarts suspension. The anisotropy
of the gsmpls, Lthe dilference bebween the susceptibllitisa parallel and perpendicu-
lar to the long axils of the sample, was then measured by the Krishnan swing

method, When the glasg rods or 'ibres were too fine to be measured slngly, several
of about the sams radiuvs were tied Logether into bundles with pieces of hair and
the buedls wag then usad in the same way as a singls rod-shaped sample. Al
semples were welghsd and the dlamcters were measured with s micrometer, excepting
for thoss which wers need as bundles. ¥Fer a aumber of the samples, the anisotropy
wag measvrad several Limesz at intervals of a few days.

(¢) Anneslirg of | Gamplog: - Ssvaral of Lthe samples were anvesled after their
anlgotropi«n had been measured, A paxqple, in a platinum erucible, was placed
in a muffls frrrace which had previcusly besn heated to the desired temperature.




The sample was then kept at that temperaturs for ssveral hours. The furnace
wag then cooled to room temperature at a rate of about 56°C, per hour, The
anisoctropy of the sample was then re-measured. The anwpenling process wasg
repeatad at progressively higher hemperatures, up to about T00°C.

(d) Detection of Ferromagnsiism: -- To determine whether or not the samples
were ferromagnetic, the suscephibility of one rod was measured over a range of
fleld atrengths with a Faraday balance. In this balance, a small glass bucket
hangs from the end of a long glassg rod which in turn is attached to a quartz
spiral. The bucket hangs vartically between the pole-pimces of a magnet and
the apparatus can be adjusted so that the bucket hangs in a region of constant
dH/d.x. The height ¢f a mark on the long glass rod is measured with the field
off and on, hy meana of a telescope with a vernier. By comparing the change

in height found for an wmkmnown dample %0 that found for a material the suscepti-
bility of whish s kmowr, the susceptibility of the unkmown sample can be
calculated, providing the waights of both meterials ars known. If the subatance
is ferromagnetlc, the susceptlbility at one temperature will vary with the

field atrenghh.

The suscaphibility of the empty bucket was measured over a range of field
strengths, at room temperature and in a bath of dry ice and acetone. The
susceptibility of the buckei containing a weighed amovnut of sucrose, the
susceptibility of which had previously been measured, was determined over the
same range of field siremgths at room temperature. The glass sample, M-6 #10,
was then insertsd uwpright into the sugar in the bucket, and. ths susceptibility
again measured at room tempsrature and at -850C.

Resaults:

In Table I are listed the waights, radii, and snisotropiss, A ) , of all
samples of Lhe glasses ¥-6 and M-1. Table II shows the change in anisotropy
vith time and with annsaling for five samples of the nickel glass M-6. The
period betwsen the drawing of the glass into a fibre and the msasurement of the
anisotropy la given in days. The temperature given is the temperature at which
the furnace vas held, and the time during which the samplo was held at this
temperaturs is given in hours.

All M-6 samples were raramagnetic, and the long axls lay parallel to the.
field, generally, although it was sometimes inclined at a slight angle. Ths
M-2 samples appsared to be diamagnetic, and took up an equilibrium position
which varied from one samples to another.

Above T00°C., all samples turmed greenish, though the color faded rapidly
when the samples had been removed from the furnace. The thimner samples, #11
and #3, became bent and had apparently softened at the high temperature.

6

At room hemperature, for M-6, /X;v_/gm. vas 89.0x107° and for M-2

was -0.28x10°° per gram of glass.

In Graps #1 the anisotropy initially found for each sample is plotted versus
the radizs o7 the sample for all samples of M-6.

N
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“.The weight of the bucket was 0.0351 gu.

In Table III the results of measurements with the Faraday balance are
given. The average changes in helght, field off and fleld on, of the marker
on the glass rod are listed for the empty bucket, A, , the bucket containing
sugar, A, , and the bucket containing sugar plus the sample M-6 #10, A4, .
These average changes in height ure given 4% Hwo Vemperatures and differenv
field strengths, or rather at different currents. The rslationship between
current and field strength is known approximately. For each value of the
current, at least four measuremesnts were made to determine the average value of .
The units of A are arbitrary and the changes were in the same direction for
all measurements, i.e., the bucket moved out of the field when the current was

turned on.

The weight of the sugar was 0.0361 gm.
The weight of M-6 #10 was 0,00061 gm.

Table I. Variation of Anisoiropy of Glasses with Sample Radius

Sample Weight (mg.) Radius (mm.) A/Q;,c/gm. x106

M-6 #1 16.10 0.58 1.50 j
M-6 #2 3.67 0.34 0.33 ;
M-6 #3 1.21 0.21 0.80

M-6 #4 9.61 O.uk 0.33

M-6 #5 3.08 0.31 0.21

M-6 #6 3.55 0.27 0.48

M-6  #7 8.92 0.46 0.28

M-6 #8 3.08 0.29 0.43

M-6 #9 5.83 0.31 0.27

M-6 #10 0.61 0.16 24.6

M-6 #11 7.67 0.47 1.87

M-6 #12 1.11 0.16 0.53 |

M-6 #13 0.84 0,15 1.58

M-6 #1h 1.19 0.09 b, 3k

M-6 #15 0.90 0.09 .72

M-6 #16 0.77 0.09 2.4

M-6 #17 1.61 0.08 8.78

M-6 #18 0.78 3.01

M-2 #1 8.9k 0.34 0.012 per g. sample
M-2 #2 3.62 0.2k 0.012

M-2  #3 3.45 0.21 0.011

M-2  #k 2.48 0.27 0.013

Table I1. Varilatlon of Anisotropy with Time and with Annealing

Annealing Temp.©C. Annealing A X .1:106

Samplse Time (days) A
Time (hrs.) 74

M-6 #1 1 0.08
3 1.07

27 1.56

30 1.65

50 1.86



Table II. (continued)

Sample  Tims (days)

55
56
58
59
€3
£6
TL
r‘v6
80

M-6 #2 1

M-6 #3 2

M-6 #10 6

M-6 #11 6

23

o ho
b
k3
e
%)
(a0

} ol

Annealing Temp.°C.

193
oh3
238
293
366
504
595
660
722

2h3
293
50k

295
660

243
50%
595

266

37T
k32

5%
643
715

266
37T
k3o
sl

643
TA5

[OOSR

Annealing AY /em.x108
Time (hre.) Ni

16 1.86
5 0.08
3 1.67
5 0.35
16 1.76
16 1.7
5 1.00
22 0.19
20 0.00
0.64

0.47

0.39

0.kl

5 0.35
5 0.40
16 0.08
5 0.13
o2n 0.03
1.15

0.86

0,05
5 Oooh
16 0.03
5 0.24
o6

17.1

15,5

13.9

K 25.7
17 25.0
19 29,k
3 17.9
22 274
18 16.6
L 9.6
1,86

2.19

1.55

T 2.55
17 2.59
19 2.23
3 1.64
22 1.78
18 1.23
b 1.33
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Table III. Measurement of Susceptibillity with the Faraday Balance

Tempsrature Current Average Change in Height of Marker
(amps . ) A , A . A 3
300°K. 10 0.229 0.851 0.566
8 0.265 0.662 0.503
6 0.150 0.539 0.397
4 0.091 0.317 0.231
2 0.024 0.093
184°K., 10 0.252 0.47h
8 0.153 0.331
6 0.099 0.256
b 0.059 0.150
2 0.03k4 "““ 0.028

In Table IV are shown the values obtained for {.-A,, the change in
height due to the sugar alone, and 43-4,, the change dus to the nickel glass,
a8 well as the ratio {44, )/(A,-A,). From this the susceptib’lity of the
nickel in the glass is calculated by the following equation: ‘

7Ni/gm. = 100 } sugar/gn. .4 glass . weight of sugar
15.6 A sugar weight of glass

Table IV also includes these calculated susceptibilities, the current and

the correspording values of 1/H., In Graph #2 the susceptibilities are
plotted versus 1/H.

Table IV. Calculation of Susceptibilities with Faraday Balance
3
Temp. d-4,) @4,  (474,)/4;4) }’M/gm. I amps. 1/2 10

300°K. 0.52 -0.29 -0.56 126.k 10 0.100
0.40 -0.16 -0.40 91 8 0.105

0.h1 -0,16 -0.39 88 6 0.121

o 0.23 -0.09 -0.39 89 3 0.159
184°K, 0.60 -0,38 -0.63 1hk 10 0,100
0.h6 -0.28 ~-0,61 138 8 0.105

0.46 -0,30 -0.65 148 6 0.121

0.27 -0.17 -0.6}4 145 3 0.159

0.06 -0.07 -1.17 26k 2 0.303

< W——
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Discussion of Results:

The problem is two-fold; first, the reason for the anomalous magnetic
moments of nickel and cobalt in glasses. 1s to be. found, and second,.the
enigsotropy of drawn nickel glass must be explained. The abnormaliy high
moment of nickel and the corresponding low mament .of cobalt will be considered
first.

Since drawn nickel glass showed magnetic anisotropy, it appears that the
unusual moment of nickel is caused by abnormal quenching effects, rather thanm
by & high oxidation state. The low moment of cobalt should also arise from
the same quenching effects. In Table V, the calculated and experimental
moments of cobalt, nickel, and copper ions are compared, in solid salts, in
solution, and in glass. Copper,as well as cobalt, bas a lovwer moment in
glags than in so0lid salts or in solutions.

Table V. Magnetic Moments of Cobalt, Nickel and Copper
(in Bohr magnetons)

[/ calculated ﬂ/ exper imental
Spin only Spin plus orblial In solution In colid In glass(2)
(1) salts(l)
Co 3.87 5.20 4. 4-5.2 k. h-5.2 h.5-4.7
Ri 2.83 Wbt 3.2 3.2-3.k  3.5-3.6
Cu 1.73 3,00 1.8-2.0 1.8-2.0 1.5-1.8

The nickel, cobalt, and copper lons must occupy equlvalent positions in th?
three series of glasses, like a series of lsomorphous salts. According to Wey%r3)
cobalt and nickel ions, because of their size and charge, would be expected to
occupy "net-work modifying" (N.W.M.) or interstitial positions, in which the
nickel or cobalt ion has a coordination number of six, i.e., the transition ions
are 1n positions of octahedral symmetry. However, it is also possible for these
ions to occupy "net-work forming" (N.W.F.) positions, as CoOy or Ni0) complexes,
these complexes being part of the actual silica network. In this case, the
transition ions are in positions of tetrahedral symmetry. These considerations
should apply %o copper as well as 1o nickel and to cobalt. Weyl says that the
proportion of NiOy or CoOy groups may be very small, but that these groups possess
very intensive light absorption, Ni0y causing the purple coloration In some
nickel glassaes,

Only ions, atoms, or molecules having a resultant orbital or spin moment are
paramagnetic, since the parawagnetvic moment arises from the tendency of the
external fleld to orientate the ions so that thelr magnetic axes are parallel to
the direction of the fleld. Such alignment is opposed by thermal motion of the
ions, by interaction between neighboring paramegnetic ionas, and by the "quenching”
of the moment by an. imposed electric field such as the intermal field of a crystal.
In the glasres, the nickel and cobalt lons are sufficiently magnetically dilute
that only the first and third Pactors can affect the moments. The possible effects
of a crystalline field will nov be consldered.
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In a free ion of Quantum number J, there will be 2jtl states of equal energy,
wvhich spllt in a magnetic field into 2J41 states of different energies. The
distribution of the ions in these varying energy levels gives a resultant magnetic
moment aleng the field. The effect of a local field, such us a crystalline field, A
is to remove the degeneracy of the free ion by Stark splitting of the 2)+l1 states. B
Thus the response of an lon in a crystal to a magnetic field must be less than
that of a free ion, and the paramagnetic momeat 1s decreased. If the degeneracy
were coapletely removed by the crystalline field, the icns would cease to be
paramagnetic. In general however, ths spin moment is left free, and the orbital
moment is partially or fully quenched by the crystalline field, or by local fields
in 8 solution. Therefore many ions in solid selts or in solutions have moments
corresponding to the "spin only" valus, or between the "spin only” and the "spin i
plus orbital” moments. Nickel salts, in general, have stronger internal fields 1
than cobalt salts, since the crbital moment of nickel salts is more nearly quenched.
However this behaviomr appears to be reversed in glasses.

Bethe(h‘) has calculated the splitting of energy levels which will occur in 1
internal fields of different symmetry. The symmetry of the field surrounding a iq“
given atom is not necessarlly that of the crystal itself. Instead, the field
seems to have the syme%r{ character of the position of the atom or ion. For
example, the N:ISOL.6H;30 8) crystal is tetragonal, but six water molecules surround
each nickel ion octahedrally, producing a nearly cubic field about the nickel ion.
Similarly, it is possible that in solution the fleld acting upon a paramagnetic
ion has the symmetry of the coordination group, agsin six water molecules for the
nickel ion. Thus the magnetic moments in the solid salt and in sclution will
be similar. Probably the lack of a definite crystalline structure in a glass
does not affect the moments of paramagnetic ioms in the glass. Only the symmetry
of the neighboring ions will influence the magnetic moment. Thus it is necessary
to determine the effect of both octahedral and tetrahedral s;umetry upon ‘the
moments of the cobalt and nickel ions. Penney and Schla.pp(5 have made detalled
calculations of the effects of various fislds upon magn?g}c susceptibilities,
with special reference to nickel and cobalt. Van Vleck has summarized their
results; some of vhich are given below.

The potertial energy, SU, ceused by the surrounding ionic field, at a glven
ion, may be expressed as a power serles of the coordinates X1, |11, 41, of the
: surrounding ions with the glven ion as the origin of coordinates:

' L v 2 4 Y '-/)
5 ) ..... suQiz{,q/ti *535‘*(’?”"3’)(}; + D(xe-f(?i + 3
All uneven terms drop out when there is a two-fold symmetry axis in the z-direction.
For cubic symmetry, Mi2 . 'y'ie - aip— and
I WS v

@ e Y= D(x 3(" +é_:" > = 3 Dga:

If the cubic field is dominant, then the F terms split up into three terms,
Tv s }; , and ):l 88 In Figure 1. If a weak rhombic field is superimposed, there
will be further splitting, as shown in Figure 1.

~

fras ion cubic field : weak rhomblc field
Figure 1. G&plitting of F terms in cubic and rhombic fields.

T - %‘;mwﬁ—:vm
'\ 7\
- T Y
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In a purely oubic fieldf'and!}vould be triply degenmerate, but in a weak
rhombic field the degeneracy is removed, and the orbital moment is at least
partially quenched. Ni*' is in a 3Fh state and Co*' 13 in a 9/2 state.
Therefore, the splitting of the F-terms determines the valuez of their moments.
For Nitt galts, the singlet level,l, has been found to lie bslow all others, as
in Figure 1, This symmetry of the field is roughly that expected for a Ni*tion
in a position of octahedral symmetry, as in certain salts, in solution, or in
N.W.M. positions in a glasa, The dominant cubic field is caused by the immediately
surrounding lons or atoms, and the weak rhombic field 2{ less symmetricelly placed
more distant neighbors. Om the other hand, Van Vleck ghous that for the same
signs -of A,B, and D, in Equation (1), the pattern for cobalt will be inverted
relative to that for nickel, i.e., 1t will be Figure 1 upside down. A low
ginglet level indicates a gmall anisotropy and conformity toe Curie's law down
to low temperatures, as is found for nickel salts. A low triplet level corres-
ponds to a larger anisotrcpy, deviations from Curie's law, and less quenching
of orbital moment, which deascribes {he normal behaviour of cobalt ions in
positions of octahedral symmetry, as in the hydrated sulfates.

However, for a field of four negative charges tetrahedrally surrounding
the paramagnetic ion, the sign of D is reversed, and the Stark pattern is
therefore imverted. Thls means that the behaviour of Cot*and of Nit* will be
roversed, and that nickel will have a moment quenched less than that of cobalt,
wvhen In a position of tetrahedral symmetry. These theoreitlczal predictions havu
been confirmed in the case of cobalt by Krishnan and Mookherji, T) who meagured
the anisotropy of single crystals of CsQ[Cocn;] and Cs,[CoC1]C1, in which the
four chlorine atoms surround the cobalt ions tetrahedrally. The anisotropy of
both salts was found to be very small, like that of nickel salts.

Thus the behaviour of cobalt and nickel in glasses can be explained quite
satisfactorily by the assumption that the paramagnetic ions are distributed in
both octahedral and tetrahedral positions. Even if only a small percentage of
the lons are In tetrahedral positions, the moment of cobalt will be lower than
normal and that of nickel will be higher. It might be possible to predict the
nunber of ions in tetrahedral positions, at least for cobalt glasses, by
comparing the moment of the cobalt in the glass to that of s normal cobalt
salt such as CoSOy.T HQO, and to that for Cse[poClg].

The same sort of reversel of magnetic properties might be expected for
other pairs of transition elements when ‘the paramagnetic ions are in tetrahedral
positi?gg cu'™t (4D /o) and Fe **(5py) are one such pair. Acccrding to Van
Vleck, the ¢ffects for this pair will be much more complicated than for cobalt
and nicxel, since iron and copper are less closely related and would not be
expected %o have almost ldentical crystalline fields. It is possidle that this
effect accounts for the low moment of copper in glass.

The second problem 1s to explain the anisotropy of drawn nickel glass.
Nickel salts In which the nickel ions have positions of octahedral symastry
have an anisctropy which 1s about three per cent of the average susceptibility,
while isomorphous cobalt salts have anisotroples which are about twenty per cent
of the average susceptibility. Therefore nickel ions in octahedral positions
in glass will have a very small anisotropy, while those in tetrahedrsl positions
will havs & much larger anisotropy. In the unstrained glass network, both the
tetrahedral and octahedral positions of the nickel atoms are oriented randomly
so that the glass has no resultant anisotropy.
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To obtain the anisotropic glass rods, the glass was heatoed and rapidly
drewn out, being allowed to cool rapidly to rooa temperaturs. This procedurs
must distort the original siructure of the glasa. It is probable that the
octahedral holes are drawn out along the direction of pulling of the glass
fibre. Thir wounld have the overall affect of changing some of the octahedral
holes into positions of tetragosal symmetry, with one axis elongated along
the direction of drawing. If this elongation is not too large, the conditions
would still correspond to & predominantly cubic field with & weak rhombic
fleld superimposed, vhich would leave the nickel ion with a small anisotropy,
not much different from that of the ion in the strictly octahedral position.
But here all the imposed local fields will be oriented inlearly the same
direaction, and as a result, the glass will show anisotropy, of the sume
order as that of NiSOh.6 Hpo0. On the other hand, if the elongation of the
cublc axis parallel to the direction of drawing is large, it is poussible that
the symmelry of the octahedral holes might change to something approaching
tetrahedral symmetry, but this 1is rather unlikely.

It 1is more difficult to conceive of & way in which tlhe tetrahedrally
cocrdinated nickel ions in N.W.F. positions could be oriented in the drawn
glass so that there could be a large resultant anisotropy. Probably such an
orientation would lead to a distortion of the tetrahedral symmetry, possibly
%o & degrase which could cause the crystialline fields to become so unsymmetric
as to remove all degeneracy in the emergy levels, causing the moment to drop
%0 the spin-only value for those particular ions. Thus it is difficult to
account for any large anisotropy which arises in a drawn glass. However,
"according to Wayl,(3) wore nickel ions will be present as tetrahedrally
coordinated ions when the glass is raised to a high temperature, and also in
the unannealed glass. If there is any orientation of these tetrahedrally
coordinated nickel ioms in the glass metwork, there could be quite a substantial
_anisotropy.

For most of the samples of the nickel-containing glass M-6, the measured
anisotropy was small. Only two samples had an animoiropy larger than asbout
five per cent of the average susceptibility. These two exceptions, M-6 #10 -
and M-6 #17, bave anlsotroples which are about 25% and 10%, respectively, of
the average susceptibility. An anisotropy of from 2% to 5% would be expected
for octahedrally coordinated nickel iloms, if all such ions were orlented in
the same way in the glass. For oriented tetrahedrally coordinated nickel ions,
an anisotropy of 20% to 30% would be expscted, comparable to those found for
octahedrally coordinated cobalt salts. For most of the samples the anisotropy
is less than one per cent of the average susceptibility of 89 c.g.s. e.m. units
per gram at room temperature., The anisotropy Increases as the radius of the
semples decreases. If the amount of distortion in the gless increassss as the
radius of the sample is decreased, then the anisotropy increases as the amount
of dlstortion incremses. As shown in Graph I, the anisotropy temds to increase
to above 5% of the average suscepiibility for semples of very smell radius.
Therefore the anisotropy must be partly caused by tetrahedrally coordinated
nickel lons, as well as by the octahedrally coordinated ions, and some at least
of the tetrahedrally coordinated ions must be non-randomly oriented. Sample
M-6 #10 doves mot fit the curve of Graph I, and its anisotropy is extremely
high, e7,ual to that which would correspond to all the nickel ions being tetra-
hedrall * coordinated and similarly oriemted. The reason for this behaviour is
unknown. The susceptlbility of the sample is normel, after annagling, so that
an impurity doss not sesm to be the cause.

-
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Annealing should decrease atrain, and Increase the randomness of orilentation,
thus decreasing the arlasotropy of the glass samples, a~ was found experimentally.
Since conditions were not the same for the ammealing of all samples, it is not
surprising that the results are rather erratle,

From the measursments with the Faraday balance; 1t can be concluded that
M-6 #10 was not ferromagnetic, at least after annealing, since its susceptibility
agrees, at both temperatures, with that found previously for the glass M-6.
Since this sample showed the largesat anisotropy, it is unlikely that any of the
other samples were anigotroplic because of the formation of ferromagnetic substances.

No further measuremenis have boen made on the uraunilum glass, previously
reported from this Lsbhoratory as showing zZero magnetic moment, although optical
evidence suggests that the uranium is In the +4 oxidation state, There is,
however, one electronic state for UJ Hyhich ylelds zero moment. In view of
the proposed ex¥plamation given sbove for the anomalous moments of nickel and
cobalt in glass, it seems nob impossible that + 4 wranium may assume & diamagnetic
atate under similar conditionsa,

Summary:

It has been suggested that the abnormally high momsnt of nickel and the
abnormally low moment of cobalt in glass are due to the presence of the para-
magnetic ioms in positions of tetrahedral symmehry. I.ocal fields of tetrahedral
symmetry will give nickel magnetic propertiss like those of cobalt in filelds of
octahedral symmetry, and will give cobalt megnetic propert.ies like those of
nickel. This imversion of magnetic properties could occur with other pairs of
transition elements in glasses. Therefore the use of magnetic measurements to
determine the oxidsation states of paramagnstic loms in glasses may be complicated
by the fact that the paramsgnetic ior has a shangsd moment in the glass.

Suggestions for further work:

It would be interesting to maks similar measurements upon a cobalt glass,
If the anisotropy found were much larger than for nickel glasses, in samples of
the same radius, the anisotropy would be caused by paramagnetic ions in octahedral
positions; if it were smaller, the anisotropy would be caused by paramagnetic
ions in tetrahedral pesitions. Comparison with & salt in which nickel is
tetrahedrally coordivated would also be revealing as wall. It would be advisable
to control the conditions of drawing and of amealing wuch more closely than in
the present work, if further measurements are made upon glasses.
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Part 1I. The Reaction 2{«.6‘920-3 2 (X -Feply {Statuy Report)

By Frank E. De Boer

() The obJject of this research ia the investigaiion of the solid phase trans-
formation of {- Fe 0., tol- f‘e 0 In the course of this research the effect which
surface area, 1engtg of time of proliminary heating, the presence and type of
foreign ions, and the method of preparation have upon the activation ensrgy of
the reactlon will be studied. The properties which allow measurement of the
alounts of the #wo phases prasent, and thus of the kinetics of the reactiom,

the § phase is ferromagnetic while ‘the ( phaese is non-ferromsgnetic (at
lea.st its ferromegnetism is very slight) and the x-radiograms of the pheses
differ, the{-oxide 1s a spinsl whereas the (\ has the corundum structure.

The apparatus which has besn used for the measurement of the kinetics of
this reaction is that built by R.F.S. Robertson and dsscribed by Robertson and
Selwood, The Review of Sciemtific Inshruwents, Vol. 22, No. 3, 146-152. If the
magnetizat ion of a sample 18 too low at the tra.naifion temperaiure, the measure-
nents will bs made by following the rise or fall of an =-ray diffraction peak
using a Philips-North American X-ray diffractlon apparatus with a high tempera-
ture furnsce attached. Surface arsas were messured with a B.E.T. type instrument.

(b) Preparation and Avalysis: -- A-series: 31.5 g. Fe,(S0,); and 22.0 g.

FeS0y THol) were suspended in water end them poured into a bmi‘lng solution of
NaOH (ﬁhia addition was not quantitative.) The precipitate was washed by decan-
tatiorn several times with cold water until neutral to litmus. It was partly
dried by placing over CaCl,; this method was quits wnsatisfactory. The sample
was divided Inko two parts; nothing further of ary significance was done with the
first part, A-l. A-2 was heated in the oven for sevsral days at 1109, crushed
with an agate mortar and pestle, and heated in an atmosphere of oxygen at 2250
for ninety hoursz. The X-radiogram corresponded closely to that forK-FegO3 given
in the ASTM card caitalogue. The percentege of Iron ia the sample was found by
the permanganate method to be 66.2%. The sample wes then dried over Po0s in vacuo
for two days; re-asnalysis showed the sample contained 69.7% iron (theoregical is

69.94%.)

B-1: 5" Fenoa was prepared from tetrapyridino-ferrousz chloride by the method
of Inorganic oynthesm Vol. I, pp. 184-186. The X-radiogram corresponded to
that for&’Fe203 but the peaks were very small. The sauple was analyzed by the
permanganate méthod: results showed 66.2% iron. It was dried over P, 05 in
vacuo for two days; re-snalysis showed the sample contained 69.75% iron

A-26: This sample was prepared in a mauner identical to that used in the
preparation of A-2 except that i1t was dried in the oven at 110° for twelve hours
and was oxidized under oxygen at 2300 for only 35 hours. It was analyzed with
0.0k N Ce(80y), by I.. Moore and was found to contain T0.7 + 0.7% Fe with about
1% of the iron being in the plus two oxidation state.

C-gseries: About 400 ml. of a noncenmbtrated solubion containing equal amounts
(by weight) off Fa,(S0y )y and FaB0)y.ANHz wers added to water solutions which
containei varying ammunts of NaOH (sse Tabie 1.)
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Tablae 1

Sample Amount of NaOH per liter Hy0
C-1 33 &.

c-2 30

c-3 27

c-h 2k

c-5 21

c-6 16

c-7 12

c-8 9

c-9 >

c-10 2

All the precipitates were black except C-10 which was green (the specific
magnetization of C-10 was also very low.) The samples were washed wntil
neutral to litmus, plus a few times more, dried at 110°, crushed, and oxidized
in air at 250°, The samples wers aunalyzed 4s follows: the samples were
waighed into porcelain crucibles which had been ignited, dried at 110° over-
night, weighed again, heated at 950° for an hour, weighsd, and then the
analysis for iron was done by the permanganate method. Table 2 shows the
results of this analysis.

Table 2
Sample Losgs of weight by drying Less of weight by percent Fe
in mg. per g. of sample ignition in mg. in ignited
put Into crucible per g. dry sample sample
C«1 11.0 14,1 69.6%£0.2
c-2 5.8 12.8 69.3
c-3 10.4 12.5 69.5
c-4 T.7 11.9 69.5
c-7 k.l 15.4 69.6
c-8 8.3 16.4 69.5

D-geries: This series was made in order to make sure that thers was no sodium
in the samples. 50 g. Fe(NHy)o(S0)),.6H,0 in about one-half liter boiling
vater was added to 61.5 g. Fe(%ﬂu)?sgh) in the same amount of boilling water
(the solution turmed brown but no precipitate could be noticed.) This mixture
vas poured into two liters of dilute ammonium hydroxide. The resulting Jet
black precipitate was washed by decantation six times wiih four liters of water
each time, filtered, dried at 110° for several hours, crushed to pass a 150

mesh scresn, and oxidized at 2309 for varying lengths of time as ashown in Table 3.




Table 3
Sample Tine of oxidation

D-1 1.5 hours

D-2 2.75 * o
D 3 5.25 n

D-4 6.5 "

D-5 22.75 "

D-6 8.0 o

Sample D-5 was in addition heated at 300° for 24 hours.

~—

Analysis was carried out in a manner slmilar to that used for series C and
the resulis ars listed in Table k.

Table L
Sample Tloss of weight by Loss of welighti Logs of weight Per cent Yo
drying, in mg. per by heating to by heating to In ignited
g. of sample put 4180°, in mg. per 950°, in mg. sample
in the crucible g. dried sample per g. of dried
. sample
D-1 10.4 13.6 ———— 68.8
D-h 7.9 9.4 11.7 68.6
D-5 1k.6 8.8 13.6 68.6
D-6 16.3 10.0 13.3 69.4

One of the spaces in the D-1 row is vacant because the crucible broke. The
samples would not completely dissolve in concentrated HC1l so that the iron
determinations are low. (The semples can still be analyzed by the potasaium
carbonate fusion method if necessary.)

E-geries;

1 and 2: T0 g. Fe SO§B7H20 (reagent grade) was added to 1100 ml. Hx0,
heated almost to boiling, ml. conc. gsolution and a few grams of NaOH
vere added, the resulting precipitate waa dark green; the mixture was stirred
continuously throughout the preparation. 12.3 g. NaNO, in a little wster was
udded dropwise Lo the hot solutlon whereupon the precisitate turned Jet black
after boliling for an hour. The mixture was separated into two parts, both
vere filtered; the firat part, E-1, was not washed, the other, E-2, was washed
once by decantation.

3 and 4: Made by the same method as above except that 110 g. FeS0y . TH o,
10.4 g. NeNO;, and no NaOH vere used. E-3 was not washed; E- 4 was washed by
decantation once.

“ ‘ -
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5: This was mads by the same msthod as E-3 ewncaph that the precipitate was
wvashed by dscantatlon eight times.

All the samples were dried in the oven at 100%, heated at about 750° in vacuo,
and crushed to pass a 150 mesh screeun. These samples were then analyzed thermo-
magnetically in vacuo. In each case the magnetization dacreased to about 3/k its
original valus afiter one heating and cooling cycls (ths maximum temperature of a
cycle was betveen 6007 and 650%, the time that a sampls was above 600° in no case
was longer than twenty mimuxes.) Ou the second cycleé surves of samples 1 and 2
vere reversible, thosa for samples 3 and 4 were irreversible; only one cycle vas
made for sampls 5. The cooling curves of the irreversibls cycles ars a little
lower than the heating curves (graph is magnetization versus temperature.) The
Curie temperatures for samples 1, 2, and 5 are 57595 the Curis temperature of
E-3 decreases progressively from 572° to 568 to 562%; 4he Curis tsmperature of
E-b4 was 5642 on the first cycle and 560C on the second cycle, ALl the samples
were then heated in alr at 230° for 24 houra; thermomegnetic rums in vacuo showed
that E~5 had about onme-ninmth its ferromagnetism left sven though the temperature
had risen well above 600%; E-1 under similar conditions had about one-sixth its
ferromagnet ism left. The samples wers next hested at 2500 for six hours; a
vacuum thermomagnetic rum on E-5 showsed that it still had about one-ninth its
ferromagnetism left at the end of the run, The samples wsrse hoated at 275° for
seven hours; & vacuum thermomegnetic ruz showsi thal E-5 had sbout one-twelfth
its ferromaguetism left at the end of the ruu, the lLewmperature had risen above
700° during the run. The sample tube was opened and & thermomagnetic run made;
the magnetizatior decreased to zero apnd did not 1nrrease at all on cooling to
room temperaturs. The pamples were heatad to 300 for 23 hours; vacuum thermo-
magnetic analgsis again showed the sample had ope-tweifth its ferromagnetism
left after cocling.

Chemical amalysis of series E is shown iv Table 5

Table 5
Sample Psrcant iron
Bl 68.8
E "’.‘\‘? 69 [ 2
E-3 69.45
o) 69.5
B-% 69.9

The samples wlil be apalyzed for sodium by the rollowing method. (Specific
directions are those of Mr, Cohn of the U.S. Bureau of Mines.) The oxide, after
having been ignited a% 900°%, 1s dissolved in 20 ml. 8 N HCl over a steam bath.
When completely dlsszolved, water or BCL is added to bring the solution to 6.7 N
with raspsct to HC1l., The ferric chloride is extrasted from the solution by using
three portions of ethyl ether, in each eziraction oms uses one and ons-half the
volume of the wat«r polution of ethyl ether. The wader solubtlon is svaporated
over & low temperaturs hotplats and -- after evaporation of the wswall amount of
ether -- upder an ‘atrs-red lamp. The residus e baken up with 3 measured amount
of water and phatomatered,
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RESULTS

The kinetics of moast of the samples have been ran. Until gquite recently
1t was uncertaln as to how to determine a mesaningful activation energy. The
theory of the method to be used will be found in the appendix. The crux of
this method is that one determines the time that it takes for the reaction to
reach a giver value of the specific magnetizantion at various Lemperatures, and
plots the logarithm of the time versus the reciprocal temperature. Then the
activation emergy is equal to the slope (if 1/'.!' is plothed on the abcissa)
mltiplied by 2.303R, whers R is the gas constant. This method hms besn used
to find the activation ensrgles of the D-series and will be applied to the
other samples as soorn as possibls. The results for the D-series will be
found in Tabls 6 and in graph 5., Grapha 1 to 4 are the plots from which the
D-gerimss activation energies wers fousd.

Tabls 6
Sample Activation Energy Specific Maguetization Specific
at room tampgratura Surface Area
-1 58.7 keal. 0.507 spaces/mg. 57.8 m2/g.
D-4 51.5 0.493 -
D-5 35.1 0.460 58.7
D-6 51.6 0.486 53.1

This table shows rathar well that thers i1z no relation betveenr the surface area
(or particle size) and activation energy, although there might bte near the
extremes;: the graph shows almost a atraight liuws relationship between activa-
tion energy and specific maguetization. The spscific magretization of these
godium-fres samples decreassd as the 4ims of praliminary heatinug increased; this
1s probably uct dus to formatlion of the A cxide, sinss the heating was done

at much lower Hemperatures than those st which the ¥inetlics were measureable
and sincs the rsachiion has am apprecisble activatlcn snergy, bub rather to the
crystal latiices hecoming mere ordersd. This hypriheals might be tested by
x~ray dirffraction. :

The kinetics of the E~-seriss have as yebt mot besn studied.

Projacted Work

1. To study tha E-series

2. To study a garies containing alumixm

3. To study o seriss made by the pyridine method

k. To make and study a very low surfacze arsa sample

e
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Apperdirx

The following is the derivation of the method for finding activation
smergy vithout kmowing the order of the reaction as developed by W.E. Parkins,
G.J. Dienes, and F.W. Brown, J. Appl. Phys. 22, 1012 (1951). If ome takes

dn = -Kn’ , -E/kT

at 0
the general rgte expression where n is the amount of the reactimg subatance,
t is time, K,- 48 a constant, X' is the order of reactiem, E iz activation
energy, k is Boltzmann's constant, T is the absolute temperature, If p is
the physical property being measured, them p = g(n) .... (2), where g(a)
must be e single valued tunction of p. If¢7#1 and E and T are constant
(1sothermal comditions for ea7h run), then the rate expression integrates
to NIENY = Kg(1-v) e “E/KT ¢ .., (3), vwhere ns is the valus of n &t
te0. If cie lets h(p)be an unspecified function of n and substitutes this
for nt -¥ in equation (3),

1 )’_h(po) - h(p):] = E/R _ 4 .... (4). If identical
Ko (1-Y) t e
sauples are exposed to varyilng temperatures and p is measured as a function
of time then E can be determined. That is if p, and p ars comstants for &
gseries of runs, then the left side of (h-% ég a constant. t 1is the time
required from p? to p = Cy» Then t e = / s Cy3 OT log t = log co +
E ete 5 7

2.303KkT » E should be independent of the value of p taken, if

not the method is inapplicable.

Thanks ars dus to Mr. Com of the U.S. Bureau of Mines for bringing
the above to our attention and for the apecific directioms for the sodium
analysis. Thanks are dus Dr. Klotz of this department for the use of his
flame photometer.
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Part III Supported Palladium
by P. W. Selwood

The purpose of this work was to ses 1f metallic palladium supported at
low concentrations on high surface area alumina shows the increase of magnetic
susceptibility shown by supported chromia, copper oxide, and other paramagnet.ic
systema. The answer to this question baing found to be in the negative, some
further experiments were done on the magnetic propertles of hydrogenized
supported palladium,

Experimental Part

Magnetic measurements: Magnetic suscephtibilitlies were measured by the Gouy
method, with a sample tube of about 25 ¢c. capacity. The tube was fitted

vith a cap made up of a micro stopcock and two standard taper Joints in such

a way that the powdered samples could readily be changed, evacuated, or attached
to a gas burette system for quantitative absorption of hydrogen. Part of the
apparatus is shown in Fig. 1. All magnetic measurements were made at 25°C.

The apparatus was calibrated with water. All measurements were made at fields
of 5830, 6360, and 7250 oersteds.

Alumina: So-called "gamma"-alumina prepared by Mr. Paul Jaco‘bsgn was used
for the palladium support. This had a_surface area of 190 m2g™t and a
magnetic susceptibility of -0.39 x 10'6, which was independent of field
strength within experimental error. After being degassed for several ho

in high vacuum at 200°C, , the alumina had e susceptibility of -0.38 x 10~°,

Palladium-Alwmina: The absorptive capacity of the alumine having previously
been determined, 30 g. of the alumina was treated with 30 cc. of a water
solution of palladous chloride to which had been added a few drops of dilute
hydrochloric acid., The alumina took up all the solution, which contained
1.70g. of palladous chloride. This mixture was dried at 100°C. "he
susceptibility was found to be -0.30 x 107°, showing, as expected, no appre-
clable paremagnetism in the supported palladous chloride.

The mixture was now heated to 140°C, in hydrogen for ten hours, wxtil
the exit gases contained no hydrogen chloride as determined by bubbling
through silver nitrate solution. As previously known, reduction of the
pallddous chloride started at room temperature.

The mixture was now cooled in hydrogen; the hydrogen was replaced by '
helium; and the susceptibility was measured. The susceptibility -vas -0.1ll x 10'6.
After being heated in high vacuym at 150°C. for five hours, the sumple had
a susceptibility of -0.1k x 10-°, As the sample contained 1.02@;6 palladium,
the susceptibility per gram of supported palladium was 7.1l x 10°°, This
sample was strongly active toward hydrogen in air.

Hydrogen Absorption: The sample, weighing 25 g. was pumped out for one
hour e room temperature. The dead-space was found with helium to be 22.7
cc. at TAT mm, and 24.20C, The sample was again pumped out, them hydrogen
was aduitted. The absorption of hydrogen was at first very rapid. This
wvas followed by an extremely slow absorption extending over several weeks.
The hydrogen absorption results are shown in Fig. 2.
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At intervals the sample tube was removed from the gas burette for
measurerant of the magnetic susceptibility. The data are presented in
Table 1 whilch glves the Pd-H proportion, the messured susceptibility,
and the susceptibility per gram of the palladium-hyirogen system. It
will be noted that tha auaceptibility for Pd.Hl.o was approximately 3.0 x 10"6.

Table 1
Magnetic Susceptibility of the Supported

Palladium-Hydrogen System

Pa-H, X106 Xpg.pg x 100
Pd-H, ~0.14 7.1
Pd-Hy s ' -0.26 3.4
Pd-Hy 7 -0.26 3.k
Pd-Hy o -0.28 2.9
Pd-E, -0.12 7.6

A% the end of several weeks the sample was evacuated for five hours at
150°C. The 6susceptibility per gram of sample was found to have returned to
-0 012 x lo- [ 3

Discussion of Results

Palledium, together with manganese, is unusual among common elements
for showing a high magnetic susceptibllity in the elementary state. It was,
therefors, felt that there was a definite possibility of palladium showing
the "dispersion effect” previously described in several commumications from
this la'bora.toryl. The fact that the susceptibility of supported palladium
at fairly low concentration wes fognd to be only slightly larger than that
of massive palladium {~ 5.4 x 10”°) shows that palladium resembles molybdenum
dioxide, in which the dispersion sffect is absent or obscured. It is hence
not possible to use ma netic measurements to estimate the degree %o which
palladium 1s dispersed in the form of an active supported catalyst, but
whether this is due to some Intrinsic property of supported palladium, or to
fallure to effect a good dispersion, is not clear.

The effect of a.bagrbed hydrogen on the magnetic susceptibility of palla-
dium is an old problem®. Previous resuits agree that in the neighborhood of
PdHy, g0 the system becomes diemagmetic and this is taken to show that there
is approximetely 0.6 electron hole in the d-band of metallic palladium.
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It might be expected that supported palladiuwm would show some quanti-
tallve differences from massive palladium “n this reaspect. The results.
presentsd here on supported palladium show & rapid decrease of paramagnetism
to Nﬂg s but virtually no further change during the very slow smsuing
absorptitn of hydrogen. BRut at PdHy 5 the susceptibility is still scme
distance from zero.

Further work will be necessary before the significance of these
results cn the susceptibility of the supported palladium-hydrogen system
becomes clear.
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Part IV- A Preliminary Magnetic Study of Purple Sulfur
by T. Freund, S. Adler, and C.N. Sparrow

Recently F, 0. Rice and C. N, Sparrow (in press) have susceeded in
preparing a purple meta-stable modirication of sulfur. 1% is prepaved
in a vacuum system by passing sulfur vapor from flowers of sulfur through
a furnace at 450°C and freezing the product on a liguid nitrogen cold
finger. This new modification of sulfur upon belng allowsd to come to
room temperaturs repidly undergoss a tranasition to ordinary yellow sulfur.

A suitable apparatus for the preparation of the matorisl was constructed
and the technigque of filling a very small glass bucket for the magmetic
balence was devised. The magnetic measurements show that purple sulfur is
strongly paramagnetic. Unfortunately, it was not possible to prepare purs
purple sulfur. The materisl prepared contained a large amount of yellow
sulfur. :

The purple sulfur was transferred from the cold finger to the bucket
by carrying out the operation in fresh liguid nitrogen.

The magnetic measurements were carvied out in an atmosphere of dry
helium on a Faraday type belance at a field strengih of about T500 gauss.
One preliminery measurement was made using e very small sample of about
3 mg. This indicated that the substance was strongly parsmagnetic. A new
preparation of purple sulfwr was made and the susceptibility wvas measured on
a 17.6 mg. sample.

The calculations were made from:

:_Lgr:)‘/ge) = Xg

vhere S g 1s the deflection on the balance dues to the magnetic field corrected
for the diamagnetism of the bucket, g is the weight in grams of the sample, Xg
is the grawm susceptibility, and © is the calibration factor for this balance
from sugar messuremenis. The sugar used had a known gram susceptibility of
-0.566 x 10‘6 at 300°K. <§T ls the total deflection dve to the bucket plus
sample and 5 p 18 the &-flecvtion due to the bucket slone. A negative & indi-
catos paramagnevism. All & values reported are the average of four or more
readings. © is 1.M8 x 10'8, g is 0.0176, andw% at TT°K is 0.k23 and at 300°K
is 0.755.

The method of measurement is described with the data below.

(1) The balance case was flushed at room temperature with dry helium for
one-half hour. Then the case was cooled with a dewar of liquid nitrogen for
one-half hour while continuing to flush very slowly with helium.

(2) The bucket containing the sample was quickly pleced in the balance
case, Afterwards the heliwm was shut off and the sampls allowed to gtand for
one-quarter of an hour. '
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(3) The susceptibility was measured at T7°K. |
§p - -11.6
0.4
8B Xg - 10 x 10-6 :
63 - —1290 ; '

(4) The liguid nitrogen dewar was replaced with liquid oxygen and the l _
gyetem slovwly flushed for fifteen minutes. with dry helium. This should remove
R most of the oxygen from the sample.

(5) The ligquid oxygen dewar was replaced with liquid nitrogen and the
helium turned off. The sample was allowed to stand for quarter of an hour
at the liguid nitrogen temperature.

(6) The susceptibility was measured at TT7°K.

ST = '1002
Sp= Ok . g = 9.3x106
§s= 10.6

(7) The liguid nitrogen dewar was removed and the sample was allowed
to stamd for one hour while slowly flushing with helium. The sample turned
yellow.

(3) The case was immersed in liquid nitrogen, the helium turned off, .
and the sample allowed to stand for ten minutes.

(9) The susceptibility wae measured at TT7°K.

&p _ 0.h23 Xg = -0,305 x 10-6
8g - 0.363

(10) The susceptibility of the sample of yellow sulfur was measured at
room temperature, 3009K.

ST » 10261"'

Sy = 0.755 Xg = -.h27 x 1076
L

os = 00509

. (11) The liguid nitrogen temperature measurement of the yellow sulfur
was repeated.

N |
| ?.)T = 0.897 :
é !
i ) R = 0.h23 Xg = -0.398 x 107° 1
| S = 0.hTh




(12) The room temperature measurement was repeated on the ysllow sulﬁ;r
with esxcellent agreement. .

S P = 1.26h4
SB = 0.755 Xg = -.k27 x 10'6 ;
| 3g = 0.509

The gram susceptibility of sulfur is -0.49 x 1076 (International Critical
Tables). This indicates a small impurity in the yellow sulfur. Correcting
the measured gram susceptibillty of the impure purple sulfur by the low
temperature dlamagnetic value of the yellow sulfur giveﬁ a molar susceptibility
for diatomic sulfur at 77°K of purple sulfur of 7 x 10°*. Recently A.B. Scott
(JACS T2, 3145(19%9)) measured the susceptibility of diatomic sulfur vapor at
elevated temperatures and found the Curile oonstant to be 0.93. The molar
susceptibility at 779K corresponding to this is 120 x 10'4. Scott's value
agrees well with the calculated value for 32_ . The 32 state 1s the grownd ‘
level for diatomic sulfur. {

While the values of the paramagnetic susceptibility of the impure purple
sulfur were very low for diatomic sulfur, it i1s felt that some improvement in
the technique of preparation of the purple sulfur would increase the walues
geveral fold. The main danger in this experiment is oxygen contamination.
Possibly greater precautions cen be taken. For the measured paramagnetism to
be due to oxygen entirely the oxygen would have to be at least 10 mole per cent.

*

i
i
4 l
L.
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Part Vv

A program is wader way for study of the Catalytic activity of several
geriés of catalysts which have been Investigated by megnetic susceptibility

methods in this laboratory. This program is expected to be completed during
the coming yesar.

A study bas been made of the supported titanlum sesquioxide., This
work will be reported in detail in a forthcoming report.

The use of nuclear induction as a tool in catalyst research is being
further oxplored by Thomas Hiclkmott who now holds a National Science Foundat.ion
Fellowship &t Harvard University.

A magnetic study of chemisorbed carbon monoxide on supported irom is
being initiated by Dr. M.J. Hulatt at Herverd.

P.W. Selwood, Project Director will be at Harvard as a Visiting
Lecturer until next June.
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